Hybrid solar-battery power source is essential in the nexus of plug-in electric vehicle (PEV), renewables, and smart building. This paper devises an optimization framework for efficient energy management and components sizing of a single smart home with home battery, PEV, and potovoltatic (PV) arrays.
Literature review

34
There is a rich literature for optimized home energy management (HEM) 35 approaches, which can be generally categorized into mixed-integer linear pro- 
System model
134
The power balance equation of the smart home nanogrid is
where we assume P grid,k ≥ 0, which means that the house is not permitted to plugged-in (S k = 1) or plugged-out (S k = 0) [34, 35] . In this work, we assume 137 that the PEV plugs-out and plugs-in once a day.
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The controller also must maintain PEV battery energy and power within simple bounds [36] . The dynamics and constraints of the PEV battery are
given by
where we assume E dr is 0.4Q evc,eap [37] , and the charge power of the PEV 139 battery is positive, by convention.
140
Likewise, the controller also must maintain home battery energy and power within allowable bounds, and its dynamics are depicted by
where the charge power is assumed to be positive, by convention. standard CP problem is formulated as
where Z ∈ R n is a convex set, F (x) and f i (x) are convex functions, and h j (x) are affine functions of optimization vector x. The theoretical and algorithmic aspects of CP are detailed in [38] . The convex objective function F (x), which is of great interest to the home owner, is formulated to minimize a summation of the total electric energy cost in the time horizon of optimization and the home BESS cost, for which we mainly consider the battery cost and charger cost:
where for simplicity, we assume that the total electric energy cost is the same in every year. As a result, we can deduce C ny as follows:
It is easy to see that the objective function F is linear, which is convex. The optimization variables include the state variables E ev,k and E b,k , the control variables P evc,k and P b,k , and the optimal design parameters Q b,eap and P max b
.
The constraints are the home power balance (1), the PEV battery constraints (4)-(10), the home battery constraints (11)- (14), and the grid limits (2). The inequality constraint functions include Eqns (2), (9), (10), (13), and (14), which are linear and thus convex. The equality constraint functions include Eqns (1), (4)- (8), (11), and (12). Obviously, Eqns (1), (5)- (8), and (12) are linear and affine. However, Eqns (4) and (11) are absolute function, which are not affine.
In a standard convex optimization problem, only affine equality constraints are tolerated. The total original problem is not a convex problem, due to the absolute equality constraints, which is essentially nonlinear. However, relaxing (4) and (11) to inequalities gives a convex problem without qualitatively altering the original problem as follows: strategy with a 24h look-ahead horizon.
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The hourly home load data and PV power supply data on each day and 162 average from a single family home in California, US [40] are shown in Fig. 2-( shown in Fig. 3-(b) . capacity Q b,eap , and electric cost are shown in Table 3 , where F e , F , F noB ,
202
and F dif f are the electric cost for one year with home BESS, the total cost and V2H mode. The hourly power allocation over two days is described in Fig.   240 4, including the hourly home power demand (P dem ), the PV power generation
Optimal results based on different types and control modes of PEV
241
(P P V ), the home battery power (P b ), the PEV battery power (P evc ), and the 242 electric power from the grid (P grid ). In both H2V and V2H modes, it is evident 243 that the majority of the home battery charging occurs during the low electricity To demonstrate the potential economic benefits of the smart home nanogrid, the total electric cost in V2H mode is 2.6 % lower than that in H2V mode. to-PEV power flow).
287
The future work could incorporate more likely uncertainties into the op- Parameter Description Symbol Value Unit
Step 
